Emotional changes can influence feeding behavior. Previous studies have shown that chronically stressed animals present increased ingestion of sweet food, an effect reversed by a single dose of diazepam administered before testing the animals. The aim of the present study was to evaluate the response of animals chronically treated with midazolam and/or submitted to repeated restraint stress upon the ingestion of sweet food. Male adult Wistar rats were divided into two groups: controls and exposed to restraint 1 h/day, 5 days/week for 40 days. Both groups were subdivided into two other groups treated or not with midazolam (0.06 mg/ml in their drinking water during the 40-day treatment). The animals were placed in a lighted area in the presence of 10 pellets of sweet food (Froot loops ® ). The number of ingested pellets was measured during a period of 3 min, in the presence or absence of fasting. The group chronically treated with midazolam alone presented increased ingestion when compared to control animals (control group: 2.0 ± 0.44 pellets and midazolam group: 3.60 ± 0.57 pellets). The group submitted to restraint stress presented an increased ingestion compared to controls (control group: 2.0 ± 0.44 pellets and stressed group: 4.18 ± 0.58 pellets). Chronically administered midazolam reduced the ingestion in stressed animals (stressed/ water group: 4.18 ± 0.58 pellets; stressed/midazolam group: 3.2 ± 0.49 pellets). Thus, repeated stress increases appetite for sweet food independently of hunger and chronic administration of midazolam can decrease this behavioral effect.
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Introduction
Emotional alterations, as well as pharmacological treatments, can influence feeding behavior. For example, food intake is increased by acute administration of diazepam (1, 2) . Exposure to stressors causes an array of biochemical, physiological and behavioral changes, and it has been described that chronic exposure to stressors of a certain severity decreases food intake and body weight in the rat (3, 4) . In addition, increased intake of sucrose has been reported in rats submitted to an inescapable shock session (3, 5) . Other studies showed that painful tail stimulation produced food craving during the training session although the intake was reduced to half in the post-training period (4, 6) . We have previously observed that chronically stressed animals show increased ingestion of sweet food (7) . Studies on humans have provided further evidence of overeating induced by emotional experiences (8) .
On the other hand, benzodiazepine agonists, including midazolam, have been claimed to reduce autonomic and hormonal responses to both physiological and psychological stress (9) . Acute benzodiazepine administration can also reverse the behavioral effects of stress, such as stress-induced analgesia (10) . The effect of chronic stress on appetite for sweet food was reversed by a single dose of diazepam given 60 min before the test session (7) .
Increasing attention has been paid to the chronic use of benzodiazepines. Although these compounds have been reported to increase food intake (1,2), the effect of chronic administration of benzodiazepines has not been well characterized. Here we studied a) the feeding behavior (sweet food intake) of rats submitted to chronic midazolam treatment and b) the effect of this treatment on ingestion after repeated restraint stress.
Material and Methods

Subjects
Forty-two experimentally naive adult male Wistar rats (50-70 days old; 150-240 g of weight) were used. The animals were housed in groups of 4-5 in home cages made of Plexiglas (65 x 25 x 15 cm) with the floor covered with sawdust. They were maintained in a controlled environment (lights on between 7:00 h and 19:00 h, temperature of 22 ± 2 o C) for at least one week before and throughout the experimental period. Rats had free access to food (standard lab rat chow) and water, except during the period when the behavioral tasks were applied. The immobilization procedure was carried out between 11:00 and 13:00 h and the behavioral tasks were performed between 15:00 and 16:00 h.
Stress model
Restraint was applied by placing the animal inside a 25 x 7-cm plastic tube, and fixing the tube with adhesive tape on the outside, so that the animal was unable to move. There was a 1 cm hole at the far end for breathing. The animals were submitted to this procedure 1 h/day, 5 days a week for 40 days and then habituated to the behavioral apparatus and submitted to the task. Stress was maintained throughout this period, which lasted 7 days (see below). Control animals were manipulated but not submitted to restraint. Liquid and lab chow ingestion was measured during the treatment.
Behavioral task
The animals were placed in a lighted rectangular box (40 x 15 x 20 cm) with floor and side walls made of wood and a glass ceiling. Ten Froot loops (Kelloggs ® pellets of wheat and corn starch and sucrose) were placed at one end of the box. Each animal was submitted to 5 days of habituation trials lasting 3 min each, in order to become familiarized with this food. After being habituated, the animal was exposed for 3 min to 2 test sessions, when the number of ingested pellets was measured. The two tests were performed with the animals submitted to food restriction (24 h before the test session the lab chow offered was reduced to about 90% of the normal amount) or with the animals fed ad libitum. A protocol was established so that when the animal ate part of each Froot loop (e.g., 1/3 or 1/4), this fraction was considered.
Pharmacological treatment
Midazolam (0.06 mg/ml) was adminis-tered in drinking water as the sole source of water for 40 days to animals submitted or not to restraint stress. The control group received plain water. During the treatment, liquid and food ingestion was measured.
Statistical analysis
Data are reported as mean ± SEM and were analyzed by two-way ANOVA, followed by the Duncan test, or by repeated measures ANOVA.
Results
Food and liquid ingestion was evaluated before each daily stress session. Liquid intake was measured as the difference between the amount of water placed in the drinking bottle and the remaining amount, and is expressed as the mean intake of liquid per rat per 24 h. Results are shown in Table  1 . Repeated measures ANOVA showed an effect of chronic midazolam treatment (F(1,71) = 11.05; P<0.01), with midazolamtreated animals presenting higher ingestion when compared to the other groups. There was no effect of time (F(3,213) = 0.49; P>0.05) or of chronic stress (F(1,71) = 0.12; P>0.05). The interaction between midazolam and stress treatment was not significant (P = 0.058). The mean midazolam dose administered to the animals was 8.91 mg kg -1 24 h -1 . Food intake was measured by weighing the amount of food placed in the feeders and that remaining in them, and is expressed as grams of food consumed per animal within 24 h. This was averaged across 10-day blocks, as shown in Table 2 . Repeated measures ANOVA showed no effect of chronic stress (F(1,51) = 2.77; P>0.1) or of chronic midazolam treatment (F(1,51) = 2.54; P>0.1), but there was an interaction between midazolam and stress treatment (F(1,51) = 4.14; P<0.05); there was an effect of time (F(3,153) = 4.40; P<0.01), and an interaction between stress and time (F(1,12) = 3.95; P<0.05). Body weight was measured at the beginning and at the end of treatment, and is shown in Table  3 . Repeated measures ANOVA showed an effect of time (F(1,34) = 635.44; P<0.001), since all groups gained weight. There was no effect of chronic midazolam treatment (F(1,34) = 0.0; P>0.05), or of exposure to chronic stress (F(1,34) = 3.25; P = 0.08). However, there was a significant stress x Chronic midazolam treatment, as well as repeated restraint stress, induced an increased intake of Froot loops, whether or not the animals (N = 9-12/group) were submitted to food restriction. In addition, chronic midazolam decreased the effect of restraint, since animals submitted to both stress and midazolam presented a different intake compared to animals submitted to stress alone, although still higher than that of control rats. In the fed state ( Figure 1A ), two-way ANOVA revealed a significant interaction between chronic midazolam treatment and chronic stress (F(1,38) = 5.509; P<0.05). The chronically stressed group presented a higher ingestion of sweet pellets compared to the control group (P<0.05, Duncan test), and chronic treatment with midazolam reduced this effect. Under food restriction ( Figure 1B) , twoway ANOVA revealed a significant effect of chronic stress (F(1,39) = 5.12, P<0.05) causing increased intake. There was also a significant interaction between chronic midazolam treatment and chronic stress (F(1,39) = 19.99; P<0.001).
Discussion
Midazolam (8-chloro-6-(2-fluorophenyl)-1-methyl-4H-imidazo [1,5-a] [1, 4] benzodiazepine) is a water-soluble benzodiazepine, stable in aqueous solution. The short halflives of midazolam and its active metabolites allow daily dosing without the accumulation of these substances (11) .
In agreement with previous observations (7), we report an increased appetite for sweet food in response to repeated stress independently of hunger. In addition, there was an increased ingestion of sweet food in animals chronically treated with midazolam. No alteration of intake of habitual ration was observed in the groups submitted to chronic restraint or chronic midazolam alone. The interaction between stress and midazolam treatment was shown by the increased ingestion of food in the group submitted to both treatments, when compared to the groups receiving one of the treatments only. All groups gained weight and no difference between groups was found during the entire treatment, although there was a significant interaction between stress and time.
Effects of drugs acting as agonists of benzodiazepine receptors, including midazolam, on food intake have been reported. Acutely administered benzodiazepines produce many interesting behavioral effects, among them the stimulation of food, water and salt intake in many different species (12) (13) (14) . In our study, chronic midazolam administration increased water intake, particularly in stressed rats, although there was no significant interaction. The anorectic effects of acutely administered inverse agonists have been described (12) . The non-benzodiazepine anxiolytics, zopiclone and CL 218,872, Midazolam, sweet ingestion and stress also produce significant increases in food intake (15) . In contrast, the benzodiazepine agonist zolpidem has no effect on food intake (16) , providing pharmacological evidence for a dissociation between hyperphagic and anxiolytic or hypnotic drug effects (12, (15) (16) (17) . These studies were done using drugs administered in a single dose. Acute administration of the benzodiazepine receptor agonist midazolam at doses similar to those used in the present study significantly increased food intake (12, 18) . It was shown that the increase in food consumption observed after midazolam administration was due to increases in the duration of feeding, specifically in the duration of eating bouts, but not in their frequency (18) . Midazolam has also been shown to increase consumption of sucrose solutions or of sweet food when administered both systemically or centrally (12, 13) , and flumazenil blocks this effect (13) . These studies evaluated the consumption of sweet food or solutions after acute doses of midazolam. In our study, it is interesting to note that the increase in sweet food consumption was observed after chronic treatment with this drug, although there was no effect on the consumption of regular food.
Other studies (3, 4) have reported that chronic exposure to stressors of a certain severity decreases food intake and body weight of rats. However, the type, duration or severity of stress and the different strains and gender of the experimental animals used may modify the responses to stress (4, 19, 20) . Models using more severe stressors have also shown effects on feeding behavior, in which the animals present decreased intake of food, including lab chow, and not only of sweet food. For example, inescapable shock can profoundly affect ingestion and reduce weight gain, with shocked rats gaining significantly less weight than restrained rats (3). When considering chronic mild stress, different effects have also been observed. Some models of chronic variate stress have been proposed as models of depression in animal studies (20, 21) . In these models, the rats are exposed to different weak stressors for several days, and even the response to rewarding stimuli is diminished, as demonstrated by tests including sucrose consumption, which is reduced, a fact interpreted as anhedonia. This effect is reversed by antidepressants (22) . Comparing these different models of stress to ours, we observed that, although mild stressors are used in both models, in the present study repeated restraint stress was applied, which implies a certain degree of predictability, while those models used different stressors (21, 22) . Therefore, different models of stress can have different effects on feeding behavior.
Increased consumption of carbohydrates following exposure to stress has been observed in humans (23) . Patients who become fat when exposed to stress sometimes present the tendency to overeat carbohydrates to make themselves feel better. This effect is believed to be related to the property of carbohydrate consumption, acting via insulin secretion and the plasma tryptophan ratio to increase serotonin release, since serotonin release is also involved in functions such as mood control (24) .
The central mechanisms involved in stress-induced overeating are very complex.
Many agents such as a-adrenoceptor agonists, beta-endorphin, dynorphin, neuropeptide Y (NPY) and galanine stimulate food intake (25) . The effects of pharmacological and behavioral treatments on the hedonic response to feeding are another important dimension of eating behavior. Studies suggest that mechanisms involving central dopamine, opioid peptides and serotonin systems are necessary for a normal eating response to sweet tasting stimuli independently of hunger perception (25) . Several hormones released in response to stress are known to influence feeding. For example, opioids are proposed to play a role in the control of food intake since acute administration of opioids increases food intake (26, 27) while administration of opioid antagonists decreases food intake, either administered acutely or in a 7-day schedule (26) , and their ability to do it appears to be dependent on the palatability of the food (26, 28) . It appears that excess opioid agonist activity may result in hyperphagia or anorexia (depending on the opiate receptor type) (27) .
Corticotropin-releasing hormone (CRH), the main regulator of the hypothalamic-pituitary-adrenal axis, also participates in the regulation of appetite and energy expenditure (29, 30) . It has been suggested that hypothalamic CRH systems in the paraventricular nucleus exert inhibitory control over NPYinduced food intake (30) . CRH administration impairs intake, and administration of CRH antagonists facilitates the intensity of the feeding response to NPY or exposure to stress, such as tail pinch (31) or restraint (32) . The anorectic effect of CRH decreased over repeated injections (33) , so it is probably not involved in the effects of chronic stress on appetite.
Glucocorticoids may also induce alterations in appetite. Therapeutic doses of glucocorticoids in humans increase energy intake, an effect which may be related to the ability of glucocorticoids to act directly or indirectly on the central regulation of appetite (34) . Adrenalectomy induces anorexia in mice, while corticosterone replacement completely blocks this effect (35) . Glucocorticoid levels within the physiological range can interfere with the action of leptin, reversing its effects, and these effects are at least partly independent of NPY (36) . Nevertheless, other studies in humans (37) and rats (38) found glucocorticoid-induced increases in leptin secretion. Although acute treatment with the synthetic corticosteroid dexamethasone resulted in a stimulatory effect on leptin secretion and expression, chronic dexamethasone treatment did not (38) . The divergence between the appetitestimulating effects of glucocorticoids despite induction of a proposed satiety factor suggests that regulation of appetite is multifactorial, and other neurotransmitter pathways are presumably involved. Endogenous corticosterone has a permissive effect on the carbohydrate-feeding responses elicited by norepinephrine and NPY in the paraventricular nucleus (39) . Chronic restraint stress could influence any of the above mechanisms stimulating the appetite for sweet food.
It is important to note that this increased ingestion of food is not observed with peanuts, which is a palatable food. Stressed animals show no different ingestion when compared to controls (data not shown).
The effect of chronic midazolam on the overeating associated with chronic restraint suggests that anxiety related to this effect of stress was an important factor influencing eating behavior. In this experiment, rats chronically treated with oral midazolam did not present tolerance to its effects on ingestive behavior concerning sweet food or on anxiety. On the other hand, it has been proposed that the effect of diazepam on food intake is dependent on the activation of endogenous opioids (40) . It is not known if the effect of chronic midazolam on sweet food would also involve stimulation of this system.
These results lead to the conclusion that the severity and duration of exposure to stressors are capable of modifying eating behavior. Chronic moderate stress like restraint does not alter normal food consumption but leads to changes in specific appetites expressed in this study by greater sweet food ingestion. This difference may be the result of an alteration in the latencies to eat or in the velocity. This alteration was probably due to a higher level of anxiety, since it was reversed by acute diazepam administration (7) or by chronic midazolam.
